Although catastrophic events have been studied quite extensively, new natural disasters, which occur persistently, attract a lot of interest among researchers. In winter and spring 2011, the Northern
Hemisphere saw a number of unique geophysical events. First, on March 11, 2011, a major earthquake of magnitude M = 9.0-9.1 occurred in the middle latitudes, in the seismically active area (at the eastern coast of Japan's Honshu Island) [1] . Second, that winter was immensely cold, and an ozone anomaly similar to the Antarctic ozone hole was first formed in the Arctic [2] . The origin of the earthquake was in the Japan Trench -a deep oceanic trench where the oceanic Pacific Plate subducts beneath the continental Okhotsk Plate. The epicenter of the earthquake was located at 38º19`N, 142º21`E, with the hypocenter at a depth of 32 km. The purpose of this study is to investigate atmospheric perturbations over the active seismic area of the Japan earthquake. The study discusses a possible mechanism responsible for the formation of the ozone anomaly and contributing to the occurrence of the earthquake.
To study atmospheric changes over the epicenter zone, we used the satellite data on the temperature-pressure vertical profiles from ATVOS (Advanced TIROS Operational Vertical Sounder, NOAA POES) [3] . Recovery of the profiles is performed by solving the inverse problem, using the IAPP package. The field of the vertical profiles of atmospheric temperature is determined on a nonuniform net containing 600 points, which are chosen based on the condition of perceptible difference in the values between the neighboring points. Standard deviation of the ATOVS temperature data from radiosonde readings is 1.3 K. Ozone layer variations were studied using satellite data from the OMI spectrometer (Aura, U.S.).
The OMI spectrometer measures backscattered solar UV radiation in two spectral channels: UV-1 (264-311 nm) and UV-2 (307-383 nm). The measurement error is 2-4%. Daily ozone data are available at the NASA site [5] on a 1°×1° grid. A three-dimensional image of the ozone layer over the focal zone of the Japan earthquake based on the satellite data for March 9, 2011 is shown in Fig. 4 . Ozone data on March, 11 are not available. Intensive atmospheric waves passing over the focal zone can be seen quite clearly. Here, ozone is used as a tracer. Between March 7 and 11, total ozone (TO) over the focal zone had increased from 344 to 412 Dobson units (DU). 1 DU = 10 -3 cm.
Only once in the period of 37 years of satellite ozone measurements, between March 5 and April 4, 2011, an atmospheric formation similar to the ozone hole of the Southern Hemisphere was observed in the Arctic (Fig. 5) . Figure 5 shows the ring of the polar vortex about 8000 km in diameter, with Only once in the period of 37 years of satellite ozone measurements, between March 5 and April 4, 2011, an atmospheric formation similar to the ozone hole of the Southern Hemisphere was observed in the Arctic (Fig. 5) . Figure 5 shows the ring of the polar vortex about 8000 km in TO reaching 500 DU, and its core with the decreased TO, stretching between Canada and the Taimyr Peninsula. The outer boundaries of the Polar vortex (PV) are determined by the jet flows, which prevent warm and ozone-rich air from penetrating into the PV core [5] . In this polar region, at this time, TO usually reaches 450-500 DU. However, this anomaly was not a classical ozone hole, as March TO was higher than 220 DU.
In polar latitudes, ozone is mainly concentrated at the isobaric level of 50 gPa. Analysis of the temperature conditions at this level based on the data found at the NOAA site [3] showed that in the Hurwitz et al. [7] discuss the assumption that abnormal behavior of the ozone layer in March 2011 could be associated with certain dynamic events. They found, however, that La Niña, the quasibiennial oscillation, and global warming could not explain the ozone anomaly of 2011 in the Northern
Hemisphere. Moreover, 2011 was one of the years of solar minima.
The Japan earthquake and the ozone anomaly were not the only unusual geophysical events in the Northern Hemisphere in 2010-2011. July 2010 will be remembered for the abnormal climate changes that had not occurred for the entire period of instrumental observations [8] . One of the weather records The formation of the ozone anomaly in the Arctic is also a component of this process, which was caused by the dramatic temperature drop in the Arctic stratosphere and the change in the usual pattern of the atmospheric wave circulation in the Northern Hemisphere.
As for Japan earthquake, the conditions were ripe for a disaster by March 11 and one single push was all that was needed. The intense wave processes in the atmosphere could be the trigger.
